MATERIALS AND ~{ETItOD
Twenty male patients, ranging in age from 22 to 56 years, were the subjects of the study. All underwent elective operations. None had hepatic, renal, or endocrine disease, nor a history of steroid therapy (Table I ). All received pentobarbital (Nembutal| 100 rag, by mouth one and a half hours before operation, followed by meperidine (Demerol| 35 rag, and atropine, 0.5 mg intramuscularly one hour before operation. Anaesthesia was induced with nitrous oxide 2 L/rain and oxygen TABI of Medicine, Hirosaki, Aomori-Ken, 2 L/rain; ether was added from a Copper Kettle vaporizer. After 10 to 15 minutes of anaesthesia, endotracheal intubation was carried out under succinylcholine chloride 40 rag. For maintenance the depth of anaesthesia was kept at plane 1 -2 of the third stage as judged by clinical signs and by occasional electroencephalographic monitoring. Tuboeurarine (3-9 rag) was used for muscle relaxation during the operation. Respiration was assisted intermittently throughout the procedure. Anaesthesia lasted at least 45 minutes in each case. Normal saline 100-300 ml was infused until 15 minutes after the beginning of the operation, then low molecular weight dextran 500 ml was infused throughout the rest of the operation. Blood was transfused when needed. Arterial Po2, Pcoe, and pH were determined by means of the Astrup ultra-micro method using a Severinghaus electrode.
Eight blood samples were obtained from each patient: ( 1 ) the first, ten minutes before induction of anaesthesia; (2) the next three 15, 30, and 45 minutes after induction of anaesthesia but before start of the operation; (3) another three 5-10, 30, and 60 minutes after the start of the operation; and (4) lastly after conclusion of the anaesthesia when the patient was awake in the recovery room. For each sample five ml of venous blood were drawn into a syringe previously rinsed with heparin. The plasma was separated within 30 minutes. One ml of plasma was frozen at --20~ for storage; it was thawed within one month, prior to radioimmunoassay for growth hormone and insulin. One ml of plasma was kept at 4~ for analysis of cortisol and free fatty acids (rTA) [---nonesterified fatty acids (NEFA) ]; and 0.2 ml of blood was used to measure blood glucose.
Determinations of plasma growth hormone (HCri) were done according to the method of Schalch. 3 The analysis of plasma insulin was made after the method of Morgan and Lazarow. 4 These double antibody methods were based on the principle of radioimmunoassay utilizing 11''~. Duplicate determinations were made of all specimens and the mean values were taken. The recovery rate for HC.H and insulin were 98 per cent and 94 per cent respectively which indicates reliable analysis.
The plasma cortisol concentration was measured by radiostereoassay after Murphy 5 using H~-corticosterone and a Beckman liquid scintillation counter. The blood glucose was measured by the method of Somogyi, 6 and plasma FrA was determined by the colorimetrie method of DumcombeF
RESULTS

Growth hormone
Control plasma growth hormone (ricH) level in the 20 premedicated patients, immediately before induction of anaesthesia was 1.5 + 0.3 m/zg/ml (mean • SE) which was within normal limits (less than 5.0 m/xg/ml). After 15 minutes of ether anaesthesia it had increased slightly to 1.7 + 0.3 m~g/ml. At thirty minutes it was found to be elevated significantly to 3.2 __+ 0.6 m/zg/ml (p < 0.02), and at 45 minutes it had increased still further to 3.9 -----1.1 m/zg/ml (p < 0.05). These results are illustrated in Table II 0.001) at one hour after the start of the operation. It decreased slightly but still remained elevated (5.8 ---1.0 m/zg/ml) in the recovery room when the patient had recovered.
Insulin
The control pre-induction plasma insulin level in 19 patients was 37.7 • 6.7 /~U/ml (mean ~ SE) which was slightly higher than normal (5-35/xU/ml). It decreased to 30.3 • 4.4/zU/ml 45 minutes after ether anaesthesia, but this was not a significant change. The lowest insulin level in plasma (25.6 ~ 3.8 beU/ml) was noted at 1 hour after start of the operation. This was a statistically significant decrease from control value ( p < 0.02) ( Table III and Figure 1 ).
Blood glucose
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Free fatty acids (EVA)
The control plasma vFa level just before induction of anaesthesia in 20 patients was 20.3 • 1.9 (• SE) rag/100 ml. It increased slightly to 21.1 • 2.2 mg/100 ml .after 45 minutes of ether anaesthesia. There were no demonstrable variations during anaesthesia and operation ( Table V and Figure 1 ).
Cortisol
The mean control plasma cortisol level was 15.2 • 0.9/zg/ml ( ___ SE). After 15 minutes of ether anaesthesia it was 16.3 • 1.2/xg/ml, after 30 minutes 17.9 • 1.4 /zg/ml (p < 0.05), and after 45 minutes 20.4 • 1.4/zg/ml (p < 0.002). Plasma eortisol concentration further increased to 27.5 • 1.4/zg/ml (p < 0.001) 1 hour after start of the operation, and in the recovery room reached 31.0 • 1.3/xg/ml ( Table VI ) . DISCUSSION Our data demonstrate that control plasma growth hormone levels in patients premedicated with pentobarbital, meperidine, and atropine was within normal limits (less than 5 m/xg/ml). Diethyl ether anaesthesia for 45 minutes significantly increased blood riCH levels from 1.5 to 3.9 m/zg/ml. It had risen distinctly at 30 minutes after start of the operation and the peak value was reached at 1 hour after incision (10.2 m/xg/ml), after which it decreased in the recovery room. Thus, the levels of plasma HC, I~ during the course of anaesthesia and surgery did not increase gradually, but consisted of one peak which was distinctly different from that of cortisol.
Our findings of a rise in plasma HGI~ levels during operation coincide with those of others, a,8-11 They reported that plasma riCH level reached the highest value about 1 hour after start of surgery and it gradually decreased to pre-operative level from 2 to several hours later. However, these authors have estimated plasma riGH levels only during operation, and no determinations were made during anaesthesia alone; therefore, they have failed to evaluate the effects of the anaesthetic on plasma HC, ri. Sehalch 3 and Charters ~~ found the degree of elevation of plasma ricri during operation was approximately the same regardless of the type of anaesthetic agent used. It is well known that diethvl ether anaesthesia increases plasma norepinephrine concentration in ninnY ~ Bunker TM has postulated that many metabolic disturbances of ether anaesthesia including glucose intolerance TM and elevation of non-esterified fatty acids (XFF~ = VVA), citrate, pyruvate, and ketones may be related to increased circulating epinephrine or norepinephrine. ~5 A decrease in utilization of infused glucose and glucose intolerance has been reported to occur with ether. ~s But the interpretation of the reported data was challenged by Greene?
Growth hormone of the anterior pituitary is an anabolic hormone which increases uptake and synthesis of amino acids. Growth hormone has also diabetogenie and anti-insulin effects, in that it reduces peripheral utilization and uptake of glucose, decreases glucose tolerance, and increases retention of glycogenY' It enhances mobilization of fatty acids from adipose tissue and increases FFA in blood. Therefore, the effect of growth hormone on blood glucose cannot be ignored.
Insulin promotes the rate of glucose penetration into the cell. Thereby, all pathways of glucose disposal are stimulated. It is known that plasma insulin level is not appreciably changed in diabetic patients, TM however, some workers observed that in severe diabetic patients or juvenile diabetic subjects the blood insulin levels are decreased, lr We found a tendency for blood insulin levels to fall during ether and surgieal stress. This also might contribute to the observed elevation of blood glucose during ether anaesthesia and surgery. In patients suffering from diabetes mellitus, growth hormone exerts a diabetogenie effect. Therefore, the large elevation of plasma growth hormone and the fall in blood insulin level are not considered to be favorable for diabetic patients.
Variation in blood r'r'A level was not demonstrable during the procedures, which eoincided with others, z It is difficult to speculate why blood r'r'A level was relatively constant in spite of increased growth hormone which mobilized FFA from tissue to blood. Blood level of r~rA is influenced not only by the production of FFA, but also the utilization.
SU~VINIARY AND CONCLUSION
The present study was undertaken to explore in 20 male surgical patients the effects of ether anaesthesia alone on the carbohydrate and fat metabolism by determining plasma growth hormone, insulin, blood glucose, free fatty acids (St'A), and cortisol, and to compare them with the effects of anaesthesia associated with operation. Determination of plasma growth hormone (HGH), insulin, cortisol, free fatty acids (r'EA), and blood glucose were made simultaneously before induction of diethyl ether anaesthesia, after induction of anaesthesia for 45 minutes, during, and after conclusion of the operation.
Plasma HGH concentrations during ether anaesthesia showed a significant elevation, rising remarkably 1 hour after the start of the operation. A relative decrease in plasma insulin level and increases in blood glucose were noted during ether anaesthesia and operation. But no demonstrable variation of the blood r'SA level was found during anaesthesia alone or during operation. Plasma cortisol levels significantly increased stepwise during anaesthesia and operation. Our observations would suggest that the increased blood level of growth hormone, lowered plasma insulin concentration, and elevated blood cortisol play a part in the increase of blood glucose during ether anaesthesia and operation in man.
R~SUM~
Nous avons entrepris l'6tude ci-contre pour pr6ciser, chez 20 op6r6s m~les, les effets de ranesth6sie ~ l'ether seul sur le m6tabolisme des hydrates de carbone et des graisses, sur l'augmentation plasmatique des hormones, de l'insuline, de la glye6mie, des acides gras libres (FFA) et du cortisol et les comparer avec les effets associ6s de l'anesth6sie et de l'op6ration. Nous avons d6termin6 l'augmentation plasmatique d'hormone, (HcrI), l'insuline, le eortisol, les acides gras fibres et la glyc6mie en m4me temps avant l'induction de l'anesth6sie ~t l'6ther di6thylique, apr6s 45 minutes d'anesth6sie, au cours et apr6s l'opgration.
Au cours de ranesth6sie ~ l'6ther, nous avons constat6 une augmentation sig-nificative des hormones plasmatiques (HC.H) s'61evant de fagon marqu6e une heure apr6s le d6but de rop6ration; au eours de ranesth6sie ~t l'6ther et de rop6ra-tion. l'insuline plasmatique k diminu6 et la glye6mie a augment6. Par eontre, il n'y a pas eu de variation 6vidente des (FFA) aeides gras libres ni durant l'anesth6sie seule, ni durant l'op6ration. Les taux de eortisol plasmatique se sont 61evds de fagon assez marqu6e au eours de l'anesth6sie et de l'op6ration. Nos observations nous ineitent 'a penser que l'augmentation des hormones sanguines, la diminution du taux d'insuline plasmatique, la concentration 61ev6e de eortisol sanguin jouent un rdle dans l'augmentation de la glye6mie au eours de l'anesth6sie l%ther et au eours de Fop6ration ehez l'humain.
